Background Injury of the PCL of the knee in adults usually results in rupture rather than avulsion fracture and avulsions usually occur at the tibial insertion. Case Description We report an avulsion of the PCL with a femoral origin in a 22-year-old man who was injured by hyperflexion of the knee and was treated with arthroscopy. There were two parts in the partial osteochondral avulsion fracture of the PCL posteromedial (PM) bundle. One part was fixed with polydioxanone suture through drill holes and the other was removed. The fracture healed after 3 months and the knee was stable. At 11 months postoperatively the patient had returned to full-time work without pain or restrictions. The Lysholm II knee score was 95 points. Physical examination showed a negative posterior drawer sign. Literature Review We identified four other reported cases of PCL femoral origin avulsion fractures in adults. The subjects were 20 to 25 years old in four of five reports, including our patient. Three of the five patients had involvement of only the lateral cortex of the medial femoral condyle whereas two other patients including our patient, had an osteochondral fracture. The mechanism of PCL avulsion seems to be similar to that of a PCL rupture. Purposes and Clinical Relevance The hyperflexion injury may result in injury of the PM bundle of the PCL. Our case and one other in the literature suggest such avulsions need not involve the entire PCL.
Introduction
Injury of the PCL in adults usually causes rupture rather than an avulsion fracture [2, 31, 32] . Avulsion usually occurs at the tibial insertion in adults [31, 32] . Avulsion fracture of the PCL with a femoral origin in adults has not been reported often. We performed a comprehensive literature search and found most cases of avulsion of the PCL with femoral origin were reported in adolescents [6, 14, 15, 19, 21, 27] . In contrast we found only four reported cases in adults [8, 17, 22, 24] . Three of the four reported patients had complete avulsion of the PCL and the other had partial avulsion of the anterior bundle of the PCL. We report a patient with osteochondral avulsion of the PCL limited to the posteromedial (PM) bundle from the femoral origin.
Case Report
A 22-year-old man presented with extension restriction of his left knee. He was injured 10 days before while performing warm-ups when he rapidly rotated to the right side with his knees in hyperflexion. He felt a sudden pain in his left knee and was unable to walk. The knee swelled within Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the reporting of this case report, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. 10 minutes. The patient was sent home without undergoing clinical evaluation. After 1 week's rest the pain and swelling abated. However, he experienced repeated locking of his left knee and was unable to fully extend it. Seven days after his injury, he was seen at a local hospital where AP and lateral radiographs and MRI of the knee were performed. He was transferred to our hospital immediately thereafter. Physical examination of the knee showed an extension deficit of 15°and Grade I [16] posterior instability. Radiographs showed an osteochondral fracture in the intercondylar fossa and irregular articular surface ( Fig. 1 ). MR images were uninformative owing to poor quality.
We performed an arthroscopy 2 weeks after the patient's injury. Routine anterolateral and anteromedial portals were used. The osteochondral avulsion fracture was attached to the PM bundle of the PCL and the anterolateral (AL) bundle of the PCL was intact. There were two parts to the avulsion fracture. The first part was approximately 1.5 cm in diameter to which was attached approximately 30% of the PCL fibers and half of the avulsed cartilage was connected to the femoral condyle ( Fig. 2 ). The second part was approximately 0.8 cm in diameter to which was attached approximately 10% of the PCL fibers and it was locked between the PCL and medial femoral condyle. We observed no other damage. Because few fibers were connected to the PCL, the second and smaller part was excised. We treated the larger avulsion with polydioxanone suture (PDS) fixation as described below using a bone bridge suture repair technique ( Fig. 3 ). With the left knee in 90°fl exion, the fracture was clearly observed. This fracture part was not totally avulsed from the femoral condyle and was easily reduced. We débrided the bony bed with a probe. We then drilled two holes and inserted a 2-mm K-wire toward the medial epicondyle (one from the fracture edge and another from the center of osteochondral fracture). The 2-mm K-wire then was exchanged for a 1-mm K-wire drilled through the medial skin. We then passed a straightened epidural cannula through the 1-mm K-wire into the joint and removed the K-wire. A doublestranded looped PDS was inserted into the joint through the epidural cannula. Following the same procedure, another double-stranded looped PDS was inserted into the joint. We then pulled the second PDS loop through the first PDS loop out of the anteromedial portal with a probe. Finally, we pulled the first PDS out of the medial skin and the second PDS was left for fixation. A second double-stranded PDS was inserted using the same procedure. A 3-cm-long medial incision then was made, and all PDSs were pulled into the incision, tightened, and tied on the medial condylar bone surface. After fixation, the fracture was examined.
The osteochondral fracture was stable in full ROM, the articular surface was smooth, and the PCL reattachment held tension on testing.
A postoperative radiograph showed a generally normal subchondral bone ( Fig. 4 ) compared with the preoperative radiograph. The patient wore a long leg brace locked in full extension for 4 weeks for healing of the fracture. He was instructed to use crutches and remain nonweightbearing for 3 months after the surgery. Flexion of the knee was prohibited for 4 weeks. Three months after surgery, the patient had a stable knee with no motion restriction and physical examination showed a negative posterior drawer sign. There was no pain or swelling of his left knee. A radiograph taken 3 months after surgery showed bony union (Fig. 5) , and MRI performed 4 months postoperatively showed long T2-weighted and short T1-weighted signals around the osteochondral fracture with a smooth cartilage surface ( Fig. 6 ). At 11 months followup the patient had returned to full-time work without pain or restrictions. The Lysholm II knee score was 95 points. 
Discussion
After a comprehensive search, we found 11 cases of PCL avulsion fractures of femoral origin in adolescents in the literature [6, 14, 15, 21, 27] . In contrast, only four cases of PCL avulsions of femoral origin have been reported in adults [8, 17, 22, 23] ( Table 1) . Three of these patients were between 20 to 25 years old and one was 42; our patient was 22 years old. These patients seem to be relatively younger than patients with PCL avulsion fractures from the tibia [4, 12] . Damage to the PCL by femoral avulsion has been reported in cadaveric specimens. Using a high-speed testing machine, Balasubramanian et al. [3] observed one PCL avulsion at the posterior intercondylar attachment point in a study of 14 cadaveric knees. We assume that in patients younger than 25 years the bony insertion of the PCL might not be as strong as in older adults, but this presumption would need more confirmatory data. Three of the five patients had involvement of only the lateral cortex of the medial femoral condyle and the other two had osteochondral avulsions (Table 1) . Damages from PCL avulsions include medial collateral ligament avulsion [22, 23] , ACL avulsion [22, 23] , capsule rupture [8] , and possible vascular or nerve injury [14] , especially in a dislocated knee. Hesse et al. [14] reported a femoral avulsion fracture of the PCL was associated with rupture of the popliteal artery in a 9-year-old boy. However, in none of the reported adults with PCL femoral avulsions has there been any injury to major blood vessels or nerves.
The possible mechanisms of isolated PCL injury include direct anterior tibial force to a flexed knee, knee hyperflexion with a downward force on the thigh, and knee hyperextension. In addition, there are other severe combined injuries, such as varus or valgus combined injury of the knee. The etiology of the five cases included two valgus thrusts, one hyperextension thrust, one direct anterior blow, and one hyperflexion injury with the calf rotated externally. The AL bundle length reportedly increases with knee flexion and the PM bundle length decreases with increasing knee flexion angles [1, 11, 34] . We suspect that the PM bundle is relatively stretched in hyperflexion with the calf rotated externally.
The PCL most often tears in a midsubstance-type pattern during lower energy sporting-type injuries and tears in avulsion-type injury patterns during high-energy trauma [20, 29] . Schenck et al. [28] found that midsubstance tears occur at a low strain rate and avulsion ''stripping'' injuries from the femoral side occur at a high strain rate in hyperextension in a cadaveric knee. In several reports, avulsion of the PCL was called a ''peel off lesion'' that occurs through Sharpey's fibers and can have small fragments of bone attached to the PCL [7, 10, 25] . Patients 1 through 3 (Table 1 ) may be considered to have massive peel off lesions. Our case is similar to that of Patient 4 [17] in that a partial osteochondral avulsion was observed and the osteochondral fragment was connected to a few fibers of the anterior portion of the PCL insertion (approximately 10% to 20% of the PCL insertion). However our case and that of Patient 4 involved different etiologies. Patient 4 had an avulsion of the AL bundle of the PCL whereas our patient had an avulsion of the PM bundle of the PCL. By analyzing the injury energy we found that a higher-energy injury can result in massive avulsion whereas a lowerenergy injury can lead to partial avulsion.
The avulsion fractures of the PCL of femoral origin in adults were treated with open or arthroscopic surgeries ( Table 1 ). All patients were treated with reduction and fixation except Patient 4. In these four patients, the bony fragment was attached to a large portion of the PCL fibers, and the patients had severe posterior instability. In one study [18] , the PM bundle produced small but significant increases in mean laxity at 0°and 10°knee flexion. In addition, the PM bundle plays a role in restraining external rotational instability in knee extension [33] . The isolated single AL bundle reconstruction does not restore normal knee mechanics and may result in residual posterior laxity [13] . Reconstruction of the AL and PM bundles is comparably important [9, 13, 24] . Harner et al. [13] found PM bundle graft forces were larger than those of the AL at all flexion angles tested. Notably, the PM bundle also played a role in reducing posterior tibial translation when the knee was in a flexed position, which further suggests both bundles are functionally important throughout the entire range of knee flexion and extension. In our patient, the osteochondral fracture was divided into two parts. The second part was relatively small and less than 10% of PCL fibers were attached to that fragment. Therefore it subsequently was excised. Removal of an avulsed PCL femoral osteochondral fracture also was reported in a 12-year-old boy [15] . In Patient 4 the avulsion site was incongruent after reduction and the fragment contained little cancellous bone. In that case the fragment also was surgically removed. However, in our patient, the other osteochondral fracture was partially connected to the femoral condyle, which seemed to be useful for weightbearing and important for maintaining PM bundle tension, so we fixed this part of the avulsion fracture. The rationale for fixation also partially relied on a study of the ACL suggesting that even reconstruction of the isolated tear of the PL bundle with integrity of the AM bundle is important [29] . An intact part of the ACL may increase the proprioception and may result in better stability and improved clinical outcome for the patient [5, 26, 30] .
We report the case of a patient with avulsion of the PCL posterior bundle attached to an osteochondral fragment. This case and one other in the literature suggest such avulsions need not involve the entire PCL.
